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We calculate the production of prompt and thermal photons from Pb+Pb collisions at 5.02A
TeV at the Large Hadron Collider (LHC) and at 39A TeV at the proposed Future Circular Collider
(FCC) facility. The photon spectra and anisotropic flow at these energies are compared with the
results obtained from 2.76A TeV Pb+Pb collisions at the LHC for three different centrality bins.
The prompt photons originating from initial hard scatterings are found to increase by a factor of
1.5 to 2 at 5.02A TeV in the pT region 2 to 15 GeV and the enhancement is found to be about
5 to 15 times at FCC energy compared to 2.76A TeV in the same pT region. The evolution of
the Quark-Gluon Plasma (QGP) formed in Pb+Pb collisions at LHC and FCC energies are studied
using a hydrodynamical model and the pT spectra and elliptic flow of thermal photons are calculated
using state-of-the-art photon rates. The relative enhancement in the production of thermal photons
is found to be more compared to prompt photons at FCC than at the LHC energies. Although the
production of direct (prompt+thermal) photons is found to enhance significantly with increase in
beam energy, the photon elliptic flow increases only marginally and does not show strong sensitivity
to the collision energy.
I. INTRODUCTION
Experiments performed at the Relativistic Heavy Ion
Collider (RHIC) and at the Large Hadron Collider (LHC)
are aimed at exploring a specific region of the QCD phase
diagram where a possible transition from bound state of
hadrons to a unbound state of quarks and gluons can
occur. This color deconfined state of quarks and gluons
in local thermal equilibrium is known as Quark-Gluon
Plasma [1, 2]. Relativistic hydrodynamics has emerged
as one of the most successful frameworks to explain the
soft probes or bulk observables produced in high energy
heavy ion collisions [3, 4]. The charged particle spectra
as well as anisotropic flow parameters (elliptic, triangular
flow etc.) are successfully explained by hydrodynamic
model with suitable initial conditions where the initial
conditions are constrained from the experimental data
for final charged particle multiplicity [5–8].
Photons, both real as well as virtual (i.e., dileptons)
are known as one of the promising probes to study the
hot and dense Quark Gluon Plasma produced in rela-
tivistic heavy ion collisions [9, 10]. The direct photon
spectra at 200A GeV Au+Au collisions at RHIC and at
2.76 A TeV Pb+Pb collisions at the LHC are explained
well in the region pT > 1 GeV by theory calculation
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combining the contributions of prompt and thermal pho-
tons where the prompt photons are calculated using a
next-to-leading order (NLO) perturbative QCD calcula-
tion and the thermal part is calculated considering a hy-
drodynamic evolution of the produced fireball and state
of the art photon production rates [11–14]. However,
the very low pT ( ≤ 1 GeV) region of the direct photon
spectra which is likely to be dominated by photons pro-
duced from the interaction of different hadronic channels
still remain unexplained by most of the theory calcu-
lations. Most importantly, it has been shown in many
recent studies that the theory calculations underpredict
the experimental data on the elliptic and triangular flow
of photons by a large margin both for Au+Au collisions
at RHIC and Pb+Pb collisions at the LHC [11, 12, 15].
Thus, model calculations that simultaneously explain the
spectra and anisotropic flow of charged particles from
heavy ion collisions, fail to reproduce the photon spec-
tra and anisotropic flow parameters at RHIC [16, 17] and
LHC energies [18, 19]. This is known as photon v2 puzzle.
The calculation of photon anisotropic flow parameter at
higher collision energies, at different collisions centrali-
ties as well as for different systems (e.g., Cu+Cu, U+U)
with modified initial conditions would be valuable to un-
derstand this puzzle [15, 20, 21].
It is to be noted that the initial parameters which play
a significant role in hydrodynamic model calculations,
the formation time, initial temperature, freeze-out tem-
perature etc. are not known precisely till date. We also
know that the photon spectra are much more sensitive to
the initial state of the produced fireball than the hadron
spectra as the hadrons are only emitted from freeze-out
2surface, whereas, photons are emitted through out the
system evolution [22, 23]. Thus, we calculate the produc-
tion and anisotropic flow of direct photons at
√
sNN=5.02
TeV, the highest energy for Pb+Pb collisions achieved at
LHC till date. We expect that Pb+Pb collisions at 5.02A
TeV would be quite valuable to constrain the initial con-
ditions as well as helpful to understand the discrepancy
between the theory calculation and experimental data on
photon elliptic flow parameter. The inverse slope of the
photon spectra at 5.02A TeV would provide the effective
temperature of the produced QGP matter at that energy.
In this study we estimate the production of prompt pho-
tons at 5.02A TeV Pb+Pb collisions for three different
centrality bins and compare those with the photon results
obtained from 2.76A TeV Pb+Pb collisions at the LHC.
In addition, we calculate the production and elliptic flow
of thermal photons at 5.02A TeV for different centrality
bins.
The proposed Future Circular Collider (FCC) aims to
collide protons at 100 TeV. Heavy ion collision at FCC
energy is a part of accelerator design study [24–26]. The
Pb+Pb collisions at FCC are expected to happen at 39A
TeV, which is more than 7 times larger than the top LHC
energy achieved for Pb+Pb collisions till date. Predic-
tions from hydrodynamic model calculation have shown
that the charged particle multiplicity, life-time and vol-
ume of the produced fireball (for most central Pb+Pb
collisions) would increase by a significantly large factor
at FCC compared to LHC energies [26]. One can also
expect to see a large enhancement in the production of
direct photons at FCC compared to the LHC. We have
seen a marginal enhancement in the photon elliptic flow
at LHC compared to RHIC. Thus, the estimation of pho-
ton v2 at FCC would be valuable to conclude about how
sensitive the anisotropic flow parameter is to the beam
energy of heavy ion collisions. In addition, the significant
enhancement in photon production at FCC is also ex-
pected to reduce the large error bars in the experimental
photon v2 data and this would be helpful in understand-
ing the discrepancy between the experimental data and
results from theory calculation.
We predict the production of direct photons (prompt
and thermal) from Pb+Pb collisions at 39A TeV at FCC
and compare with the results obtained at the two (2.76A
TeV and 5.02A TeV) LHC energies. The elliptic flow
parameter calculated at FCC would provide an upper
limit of the photon v2 which can be achieved in heavy
ion collisions. We shall see that the prompt photons and
thermal photons as well as the elliptic flow of thermal
photons change by differing extents as the energy of the
collisions and the resulting initial conditions are changed.
Thus an accurate description of the direct photon (sum of
the thermal and prompt) spectrum along with the elliptic
flow can constrain our description for these.
The paper is organized as follows. We discus the pro-
duction of prompt photons in Section II. The hydrody-
namics model and thermal photon calculations are dis-
cussed in the Section III. In Section IV we show the re-
sults of photon spectra and elliptic flow parameter. The
summary and conclusions are given in Section V.
II. PROMPT PHOTONS
Prompt photons which are produced from initial hard
scatterings of the colliding nucleons are the dominant
source of direct photons in the high pT region (pT ≥ 4
GeV). Quark-gluon Compton scattering (q (q¯) + g −→ q
(q¯) + γ), quark-anti-quark annihilation (q + q¯ −→ g +
γ) and bremsstrahlung emission from final state partons
(q(q¯) −→ q(q¯) + γ) are the leading production channels
of prompt photons. The photons emitted in the first
two reactions are known as direct prompt photons and
those emitted from bremsstrahlung process are known as
fragmentation photons. The prompt photon production
cross section in elementary hadron-hadron (A+B) colli-
sions can be expressed as [27]:
d2σγ
d2pTdy
=
∑
i,j
∫
dx1f
i
A(x1, Q
2
f )
∫
dx2f
j
B(x2, Q
2
f)
×
∑
c=γ,q,g
∫
dz
z2
dσij→cX (x1, x2;Q
2
R)
d2pcTdyc
Dc/γ(z,Q
2
F ),
(1)
where, f iA(x1, Q
2
f ) is the parton distribution function
(PDF) of ith (flavored) parton in hadron A carrying a mo-
mentum fraction x1. Similarly, f
j
B(x2, Q
2
f ) corresponds
to the PDF for jth (flavored) parton in hadron B carrying
a momentum fraction x2. Qf is the factorization scale
appearing from the QCD factorization scheme [28, 29].
Dc/γ(z,Q
2
F ) denotes the parton to photon vacuum frag-
mentation probability defined at z = pγ/pc and QF is
the fragmentation scale also appearing under the same
QCD factorization scheme. The fragmentation function
reduces to δ(1−z) when a photon is emitted in the direct
process i.e., c = γ. The term σij→cX(x1, x2;Q
2
R) signifies
the hard parton-parton cross-section for all the relevant
processes in which a photon is produced either directly
or fragmented off the final state partons (q or g). QR is
the momentum scale which appears due to the renormal-
ization of the running coupling constant αs(Q
2).
For the nucleus-nucleus (A+A) collisions we replace the
elementary nucleon PDF (see Eq.1) by the isospin aver-
aged nuclear PDF:
f iA(x,Q
2) = RA(x,Q
2)
[Z
A
f ip(x,Q
2) +
A− Z
A
f in(x,Q
2)
]
,
(2)
where, RA(x,Q
2) is the nuclear modification to the
PDF [30] and f ip, f
i
n are the free proton and neutron
PDFs respectively. We have used EPS09 parameteriza-
tion [31] of nuclear shadowing function in this study. Z
and A are the atomic number and atomic mass respec-
tively of the colliding nucleus. For a non-central collision
at impact parameter b we replace Z and A by the ef-
fective atomic and mass number respectively using the
3relation [32]:
Zeff =
Z
A
Npart(b)
2
, Neff =
N
A
Npart(b)
2
. (3)
Here Npart(b) is the number of participant (or wounded)
nucleons in an A+A collision at impact parameter b cal-
culated using Glauber model formalism. The prompt
photon invariant yield is obtained from the differential
production cross-section in nucleon-nucleon (nn) colli-
sions as:
d2NγAA
d2pTdy
=
d2σγnn
d2pTdy
× TAA(b), (4)
where, TAA(b) is the nuclear overlap function.
In the present study, we estimate the prompt photon
production from Pb+Pb collisions at the mid-rapidity
(|y| < 0.5) using the CTEQ6.6 parton distribution
functions [33] and BFG-II photon fragmentation
functions [34]. We have used the Monte Carlo code
JETPHOX (version 1.2.2) [35] which includes all leading
order and the next-to-leading order (in αs) channels
of prompt photon production [36]. We consider QR,
Qf and QF to be same (= Q) and all equal to the pT
of photons. One can fine tune these scales to repro-
duce the experimental prompt photon spectra in p+p
collisions. It has been shown in [37] that calculation
considering a scale value of pT /2 agrees well with the
experimental data from 200 GeV p+p collisions at
RHIC. However, at 2.76 TeV at LHC the data matches
with the result from theoretical calculation for a scale
value of pT of the produced photons [38]. In absence
of any better guideline for choosing these scales at the
higher LHC energies or the FCC energies, we have cho-
sen the same scale, i.e., Q = pT for these energies as well.
III. HYDRODYNAMIC FRAMEWORK AND
INITIAL CONDITIONS
We have considered a longitudinally boost invariant
(2+1) dimensional ideal hydrodynamic framework [39]
with a smooth initial density distribution to study the
evolution of the hot and dense fireball produced in
Pb+Pb collisions at relativistic energies. It has been
shown in earlier studies that the effect of fluctuations
is found to be less pronounced for heavy ion collisions at
2.76A TeV than at 200A GeV [23]. In addition, event-by
event fluctuating initial conditions are found to affect the
anisotropic flow of photons significantly more for Cu+Cu
collisions compared to Au+Au collisions at RHIC [15].
As a result, the effect of initial state fluctuation on the
thermal photon production and its anisotropic flow is ex-
pected to be less significant at 5.02A TeV and at 39A
TeV than at 2.76A TeV Pb+Pb collisions at the LHC.
However, we would like to mention that a calculation
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FIG. 1: (Color online) Prompt photon spectra from Pb+Pb
collision at 2.76 and 5.02A TeV at LHC and at 39A TeV at
FCC for centrality bins 0–20% (a), 20–40% (b), and 40–60%
(c).
considering the event-by-event fluctuating initial condi-
tions would be valuable to get a precise estimation of the
production of direct photons at these very high energies
and we postpone that for a future study. In our calcu-
lation, an entropy initialized smooth transverse profile
is constructed by taking average over a sufficiently large
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FIG. 2: (Color online) Distribution of temperature at the
formation time τ0 (taken as 0.14 fm/c) on transverse (x− y)
plane for central (b ≈ 0 fm ) Pb+Pb collisions at 2.76A TeV
(upper panel) and 5.02A TeV (middle panel) at LHC and at
39A TeV at FCC (Lower panel). Color bars are the index of
temperature in GeV.
number of Monte Carlo (MC) events as follows[21] :
s(x, y) =
1
N
N∑
j=1
sj(x, y) . (5)
where, sj(x, y) denotes the transverse entropy density
profile for a single MC event. For simplicity we consider
an wounded nucleon (WN) profile and the initial entropy
density is distributed in the transverse plane using the
relation,
sj(x, y) = K
Nwn∑
i=1
fi(x, y) (6)
Nwn is the total number of wounded nucleons in an event.
K is a constant factor that is tuned from the final charged
particle multiplicity and fi(x, y) is a two dimensional
Gaussian distribution function of the form:
fi(x, y) =
1
2πσ2
exp
(
− (x− xi)
2 + (y − yi)2
2σ2
)
(7)
where, (xi, yi) is the position of the i
th source in the
transverse plane. The parameter σ decides the size of
initial density fluctuation and we use σ = 0.4 fm for our
calculations [39, 40].
We take the inelastic nucleon-nucleon cross-section
(σNN) as 42 mb, 64 mb, and 80 mb at the beam en-
ergies 2.76A TeV, 5.02A TeV, and 39A TeV respec-
tively [12, 26]. The final charged particle multiplicity
(dNch/dη) for 0–5% centrality class from which the over-
all normalization constant (K in Eq.6) is fixed, is taken
as 2000 at 5.20A TeV and 1600 at 2.76A TeV Pb+Pb
collisions at LHC from the experimental data. For FCC,
the final charged particle multiplicity for most central
collisions is estimated by extrapolating the results at
RHIC and LHC energies using the relation dNch/dη ∝
(
√
sNN)
0.3. We get (dNch/dη) as 3600 at FCC which can
be considered as an upper limit of the charged particle
multiplicity value [26].
The initial thermalization time of the hydrodynamic
evolution is taken as τ0 = 0.14 fm/c for 2.76A TeV col-
lisions [12] and we retain the same value for τ0 even for
the higher beam energies considered in the present study.
One may argue that the system would take smaller time
to thermalize for higher beam energies. However, we be-
lieve that this value of τ0 is already too small and in addi-
tion at present we do not have any result from theoretical
calculation predicting the formation time at 5.02A TeV
and at 39A TeV. Thus, τ0 = 0.14 fm/c can be considered
as a good approximation of τ0 for all three energies. The
temperature at freeze-out (Tf ) is taken as 160 MeV which
reproduces the measured pT spectra of charged pions at
2.76A TeV at LHC energy. The value of quark-hadron
transition temperature (Tc) is taken as 170 MeV and the
lattice QCD based EoS is taken from [41]. We choose
centrality cuts in our calculation using the MC Glauber
model.
5It is important to mention here that a two-component
(combination of wounded nucleons and binary collisions)
Glauber model initial condition is more effective (than
an wounded nucleon profile) for very high energy A+A
collisions where we fix the fraction of the two compo-
nents from the charged particle multiplicity distribution.
However, at FCC energy as there is no experimental data
available, we consider single component Glauber model
to estimate the thermal photon production at different
centralities to avoid introduction of an additional param-
eter.
IV. THERMAL PHOTONS
We use complete leading order plasma rates from [42]
to calculate the photon production from the QGP phase.
The rates for photon production from hadronic phase
(an exhaustive set of hadronic reactions and radiative
decay of higher resonance states are considered) have
been taken from [43] and which also include the effects
of the hadronic form factors. The pT spectrum of ther-
mal photons is obtained by integrating the emission rates
(R = EdN/d3pd4x) over the entire space-time history.
The evolution is considered from the initial thermaliza-
tion time to the final freeze-out state of the fireball via
intermediary quark-hadron transition:
E
dN
d3p
=
∫
d4xR (E∗(x), T (x)) . (8)
where T (x) is the local temperature. The energy in the
comoving frame is E∗(x) = pµuµ(x) where, p
µ is the
four-momentum of the photons and uµ is the local four-
velocity of the flow field. The values of T and uµ are
obtained by solving the hydrodynamical equations.
The anisotropic flow co-efficients vn are estimated by
expanding the invariant particle distribution in trans-
verse plane using Fourier decomposition:
dN
d2pTdy
=
1
2π
dN
pTdpTdy
[1 + 2
∞∑
n=1
vn(pT ) cos (nφ)] (9)
For smooth initial density distribution the first non-
vanishing anisotropic flow coefficient is v2 or the elliptic
flow parameter.
V. RESULTS
A. Prompt photon production
The prompt photon spectra from Pb+Pb collisions at
5.02A TeV at LHC and 39A TeV at FCC for centrality
bins 0–20%, 20–40%, and 40–60% are shown in Fig.1.
The results from 2.76A TeV are also shown in the same
figures for a comparison. For 0–20% centrality bin one
can see that in the pT range 2–15 GeV the production
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FIG. 3: (Color online) Time evolution of average temperature
(a) and average transverse flow velocity (b) from 0–20% cen-
tral collisions of Pb+Pb at 39A TeV, 5.02A TeV and 2.76A
TeV.
of prompt photons is about 1.5–2 times larger at 5.02A
TeV compared to 2.76A TeV. We see a much larger pro-
duction of prompt photons at the FCC compared to the
LHC, at pT ∼ 2 GeV the spectra (for all three centrality
bins) at FCC is about 5 times larger than at 2.76A TeV.
As we move towards higher pT values, the enhancement
in the production at FCC compared to LHC is even more.
At pT ∼ 15 GeV, the enhancement factor is about 15 for
prompt photons at 39A TeV than at 2.76A TeV. How-
ever, the difference between spectra at the two LHC en-
ergies remains almost same in the entire pT range shown
in the figure. Prompt photon yield for 0–20% central
collisions is found to be almost 9 to 10 times larger than
the same obtained for 40–60% centrality and almost 3
to 4 times larger for 20–40% collision centralities for all
beam energies. However, the relative enhancement in
the production at the three collision energies is found to
be similar for all three centrality bins. These variations
are well beyond that due to the variation in number of
collisions (Ncoll).
60 2 4 6 8 10 12 14
τ (fm)
-0.02
0.00
0.02
0.04
0.06
0.08
0.10
0.12
εp(Pb+Pb@39A TeV)
εp(Pb+Pb@5.02A TeV)
εp(Pb+Pb@2.76A TeV)
ε
x
(Pb+Pb@39A TeV)
ε
x
(Pb+Pb@5.02A TeV)
ε
x
(Pb+Pb@2.76A TeV)
0-20 % Centrality bin
(a)
0 2 4 6 8 10 12 14
τ (fm)
-0.05
0.00
0.05
0.10
0.15
0.20
0.25
0.30
εp (Pb+Pb@39A TeV)
εp(Pb+Pb@5.02A TeV)
εp(Pb+Pb@2.76A TeV)
ε
x
(Pb+Pb@39A TeV)
ε
x
(Pb+Pb@5.02A TeV)
ε
x
(Pb+Pb@2.76A TeV)
20-40 % Centrality bin
(b)
0 2 4 6 8 10 12 14
τ (fm)
-0.05
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
εp(Pb+Pb@39A TeV)
εp(Pb+Pb@5.02A TeV)
εp(Pb+Pb@2.76A TeV)
ε
x
(Pb+Pb@39A TeV)
ε
x
(Pb+Pb@5.02A TeV)
ε
x
(Pb+Pb@2.76A TeV)
40-60% Centrality bin
(c)
FIG. 4: (Color online) Time evolution of spatial and momen-
tum anisotropies in Pb+Pb collisions at 2.76A TeV and 5.02A
TeV at LHC and at 39 A TeV at FCC at for centrality bins
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B. Hydrodynamic evolution of the hot and dense
matter produced at LHC and FCC energies
The distribution of initial temperature on the trans-
verse plane for most central (b ≈ 0) collision of Pb nuclei
at 2.76A TeV, 5.02A TeV and 39A TeV is shown in Fig.2.
The value of τ0 is taken as 0.14 fm/c (as discussed earlier)
for all three cases. The smooth initial temperature dis-
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FIG. 5: (Color online) Thermal and thermal+prompt photon
spectra from Pb+Pb collisions at 2.76A TeV and 5.02A TeV
at LHC and FCC at 39A TeV for centrality bins 0–20% (a),
20–40% (b), and 40–60% (c).
tribution as shown in the figure is obtained by averaging
over 10000 events with fluctuating initial density distri-
butions (using Eq. 5). Color bars shown alongside the
figure indicate the temperature values. The temperature
profile at 5.02A TeV looks hotter than the profile 2.76A
TeV as expected while at the FCC energy the central re-
gion shows significantly larger temperature compared to
both the LHC energies. At FCC the central temperature
(at x=y=0) is found to be more than 1 GeV, which is sig-
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FIG. 6: (Color online) Direct photon spectra for 0–20% and
20–40% centrality bins at 2.76A TeV Pb+Pb collisions at
LHC along with ALICE data [18].
nificantly larger than the maximum central temperatures
at the LHC energies. Hence, more prominent QGP sig-
natures are expected to be obtained from the hotter and
longer lived QGP phase at FCC compared to the LHC
energies. The time evolution of average temperature
and average transverse flow velocity for the three ener-
gies (at centrality bin 0–20%) are shown in Fig. 3. The
averages of the thermodynamic quantities are calculated
using Eq. (8) of Ref. [21]. The 〈T 〉 at the FCC is about
850 MeV whereas, it is about 690 MeV and 650 MeV at
5.02A TeV and 2.76A TeV respectively at time τ0. We
see that the average temperature is significantly larger
at FCC compared to the LHC energies throughout the
evolution of the fireball. A sharp fall in 〈T 〉 is observed
for τ < 4 fm/c for all three energies. However, the much
larger value of 〈T 〉 even after 4 fm time period at FCC
implies that the QGP phase is longer lived at FCC than
at LHC. The rise in 〈vT 〉 with τ is found to be similar
in the first 2–3 fm/c time period for FCC and LHC en-
ergies. However, for τ > 4 fm/c the average transverse
flow velocity rises at a faster rate at FCC than at the
LHC energies.
We show the time evolution of the spatial (ǫx) and mo-
mentum (ǫp) anisotropies (calculated using Eq. (6) and
(7) respectively of Ref. [11]) at the three collision energies
and for all three different centrality bins in Fig. 4. The
spatial anisotropy is found to be little large for the lowest
beam energy at all three centrality bins. On the other
hand, the ǫp is found to be similar for all three centrality
bins except for the 0–20% central collisions where it is
smallest for FCC energy.
C. Direct photon production
The thermal photon spectra from Pb+Pb collisions at
the FCC and LHC energies are shown in Fig. 5 for cen-
trality bins 0–20%, 20–40%, and 40–60%. The direct
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FIG. 7: (Color online) Ratio of prompt and thermal photon
production from Pb+Pb collisions at 2.76A TeV and 5.02A
TeV at LHC and FCC at 39A TeV for centrality bins 0–20%
(a), 20–40% (b), and 40–60% (c).
photon spectra obtained by adding the prompt and ther-
mal photons together are also shown in the same fig-
ures for a comparison. The photon spectra from our
calculation are found to explain the ALICE direct pho-
ton data [18] for Pb+Pb collisions at 2.76A TeV well
for 0–20% and 20–40% centrality bins as shown in Fig. 6.
The thermal radiation which dominates the direct photon
spectrum upto 3–4 GeV increases significantly at FCC
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FIG. 8: (Color online) Thermal and direct (thermal+prompt)
photon v2 from Pb+Pb collisions at 2.76A TeV and 5.02A
TeV at LHC and at 39A TeV at FCC for centrality bins 0–
20% (a), 20–40% (b), and 40–60% (c).
compared to the LHC energies. At pT ∼ 1 GeV, the pho-
ton spectra at 5.02A TeV are found to be almost 1.5 times
larger compared to the results at 2.76A TeV whereas, at
FCC energy those are almost 2.8 times larger than at
2.76A TeV at the same pT value.
In order to understand the relative contributions of
the prompt and thermal photons at different beam en-
ergies and pT bins, we plot their ratio as a function of
pT in Fig. 7. One can see that the ratio is < 1 at pT ∼
2.0 GeV and then rises for higher pT values. The radia-
tions from thermal medium and initial hard scatterings
become equal at pT ∼ 3.5 GeV at FCC and around pT ∼
3.0 GeV at both LHC energies for most central Pb+Pb
collisions. The prompt contribution starts dominating
over the thermal radiation as we move towards higher
pT values and the value of the ratio increases much more
rapidly. For pT > 5 GeV the prompt photons completely
outshine the thermal radiation and at this pT the ratio
is much larger than 1 for all the three energies. Thus, we
conclude that the relative enhancement in thermal pho-
ton production compared to the prompt photons is larger
at FCC energy in comparison to the LHC energies. In
other words, the thermal radiation dominates the direct
photon spectra upto a larger pT value at FCC than at
the LHC energies.
The photon elliptic flow parameter v2 as a function of
pT is shown in Fig. 8. For 0–20% central collisions the
thermal photon v2 for all three energies are found to be
small and close to each other. We see the photon v2 at
FCC is slightly smaller for pT < 2.5 GeV than the elliptic
flow calculated at the two LHC energies. As we move to-
ward peripheral collisions, the thermal photon v2 is found
to be larger for the higher beam energies. The difference
between the v2 values (as a function of pT ) at the three
energies increases as we go to more peripheral collisions.
The prompt photons produced in these collision do not
contribute directly to the photon v2, however they dilute
the thermal v2 by adding extra weight at the denomina-
tor of the photon v2 calculation (see Eq. (9) of Ref. [11]).
The direct photon v2 is also plotted in Fig.8 for a com-
parison.We see a significant decrease in the elliptic flow
for direct photons at all three energies compared to the
thermal photon v2.
VI. SUMMARY AND CONCLUSIONS
We predict the direct photon transverse momentum
spectra from Pb+Pb collisions at 5.02A TeV at the LHC
and at 39A TeV at the proposed Future Circular Col-
lider Facility at CERN. The prompt photon production
is estimated using a NLO pQCD Monte-Carlo code JET-
PHOX where the scales of factorization, renormalization,
and fragmentation are set equal to pT of the photon. We
have used CTEQ6.6 parton distribution function, BFG-
II parton-to-photon fragmentation function and EPS09
parameterization of nuclear shadowing function in this
work. Thermal photon spectra and elliptic flow are calcu-
lated using a (2+1) dimensional longitudinally boost in-
variant ideal hydrodynamic framework and state-of-the-
art photon rates. The prompt photon production is found
to be significantly enhanced in Pb+Pb collisions at 39A
TeV in comparison to 5.02A TeV and 2.76A TeV for all
three centrality bins. The enhancement factor ranges be-
tween 5 to 15 in the pT region 2 to 15 GeV. The time
evolutions of average transverse flow velocity and aver-
age temperature are also found to be significantly larger
9at 39A TeV compared to the two LHC energies. How-
ever, the spatial anisotropy ǫx as a function of τ is found
to be smaller for 39A TeV than at 5.02 TeV and 2.76A
TeV. The momentum anisotropy parameter ǫp is found to
be slightly smaller for 39A TeV, otherwise close to each
other for all the three energies.
The thermal photon production is found to be en-
hanced by a large factor for Pb+Pb collisions at 39A
TeV compared to 5.02A TeV and 2.76A TeV. However we
notice that the relative enhancement in prompt photon
production compared to thermal photons is more in pe-
ripheral collisions for all beam energies. For example, the
prompt to thermal photon ratio is ∼ 10 at pT = 6 GeV
for 40–60% Pb+Pb collisions at FCC whereas, the ratio
is close to 4 for 0–20% centrality bin. The direct (ther-
mal+prompt) photon transverse momentum spectra for
Pb+Pb collisions at 2.76A TeV from our calculation are
found to explain the ALICE experimental data well in the
region pT > 2 GeV. The v2 of thermal photons at FCC
energy is found to be slightly larger than the v2 at the
other two LHC energies in the region pT > 2 GeV. The
direct photon v2 is estimated by adding the prompt con-
tribution to the photon yield, and we see elliptic flow of
photons decreases significantly in the high pT region. We
have seen that the thermal and prompt photon produc-
tion and the elliptic flow of the thermal photons change
at a differing rates as the energy (and the resulting initial
conditions) of the collision increases. Thus a simultane-
ous description of the direct photon spectra and their
elliptic flow will put strong constraints on the theoretical
description. This should prove to be quite valuable.
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